Nucleotide sequences of the two high-molecular-weight glutenin genes from the D-genome of a hexaploid bread wheat, Triticum aestivum L. cv Cheyenne by Anderson, O. D. et al.
Volume 17 Number 1 1989 Nucleic Acids Research
Nucleotide sequences of the two high-molecular-weight glutenin genes from the D-genome of a
hexaploid bread wheat, Triticum aestivum L. cv Cheyenne
Olin D.Anderson, Frank C.Greene, Ryan E.Yip, Nigel G.Halfordt, Peter R.Shewryl and
J.-M.Malpica-Romero2
Western Regional Research Center, USDA-ARS, Albany, CA 94710, USA, 0Rothamsted Experimental Station,
Harpenden, Herts, UK and 2lnstituto Nacional Investigaciones Agrarias, Madrid, Spaln
Submitted September 20, 1988 Accession nos X12928, X12929
The high-molecular-weight (HMW) glutenins are one of several families of storage
proteins found in wheat flour (1). They comprise about 10% of the total protein, and
are a critical component contributing to the visco-elastic properties of dough unique to
wheat (2-4). Here we report the nucleotide sequence of the two HMW genes from the
D-genome of the hexaploid bread wheat Triticum aestivum L. cv Cheyenne. These are the
Glu-Dl-1tb and Glu-DlQ-L genes coding for the Dx5 and Dyl 0 HMW subunits,
respectively, and have been associated with superior dough quality (3,4). The central,
repetitive domain of the genes is indicated by half-brackets, and the TATA and
polyadenylation signals are underlined.
Glu-10-lb Acc0sso1n No. X12928
TGTTCCAT6CAGGCTACCTTCCACTACTCGACATGCTTAGAAGCMGG6T6GCGTAGAMGCAAAAGCAAT66CTAAACAGACMATATTiCTGCCALACCCCAAGAAGGATAATCACT 120
TTTCTTAGAT AAAAACA;CWAT ATACCACACCTTCTGCAACATACATCA6AACTAGCATTAC6CCGATTACGT6MACAGACTGTCCAAAAATCTCMT6C 240
AAAGCTCCAATTGCTCCTTsCTT I ..T4;AAC6CC...CCAmtTTTT6..GC6CTTCTTCTTAG6CTAAACAAACCTCACCGTGCACGCA 360
GCCATGGTCCTGkA_CCTTCACCTCGTCCTATAAAA4CCTA8CAACCTTCAC0ATATCATTCCACCCAG UO
ATGGCTAAGCGCTTAGTCCTCMGTGGCGGTAGiTCGTr,GCCCTCGTGGCTCTMCACTCOCTCGAGTGAG6CCTCTG;ACJTACAGTGTGA6CGCGAGCTCCAG64GCTCCAGGAG 600
N A K R L V L F V A V V V A L V A L T V A E G E A S E Q L Q C E R E L Q E L Q I
CGCGAGCTCAAGGCATGCCAGCA6TCATOACA6T C CATT CCCClMCCACCCCCrTCGTCGTCAGCCC6TCCGCGVACAATACGACAGCAAATCGTGGTGCCG 720
R E L AA C Q Q Y 4 D0 Q 9 Lit I SP C P VVS P V G Q Y E Q Q V P
CCCAAGGGCGGATCMnCTACCC6CGCGAGACCACCCCACCGCWA6CATCCAACAACrCTATAMTTTUTACCTGCACTACTAAA6TATTACCCAAGTGTAACTTGTCCGCArG 840
P K G G S F Y P G E T T P P Q Q L O I F 11 G I P A L L Lit Y Y P S V T C P Q
CAr.GTTTCATACTATCCAGGCCAAGCTTCTCC6CAAC _AAC_ _ ACTACCCAACTTCTCCGCAACA6CCAGG6ATG6CAACAA 960
O V S Y Y P G Q A S * 0 R P G Q G Q 0 P G O C Q O G Y Y P T S P O Q P G Q W O O
CCGGAACAAGGGCAACCAAGCTACTACCCAACTTCTCCGCAl;CTCAGGCAATTGCAACAACCAGACAaGATcACAUCAGCCGGCAAGGG 1080
P E Q G Q P I Y Y P T S P O 0 S G Q L Q Q P A Q C Q Q P 6 Q 6 Q Q 6 0 q P G Q 6
CAACCAGGGTACTACCCAACTTCTTCGCAGCTGCAGCCAGGACA ATT 6CG AACAAGGTCAACAOCCAGCUCAAGGG 1200
O P G Y Y P T S S Q L Q P G O L Q Q P A O C Q Q G Q Q P G Q A Q O G Q Q P G Q G
CMACAGCAA GGACAACAGGTAAGCAACGACA6T ACCGTCTCAGCA AAC TTCTCTGCAA 1320
O Q P G O G Q Q G O Q P G Q G Q 4 P G O G Q Q C Q Q L G Q G Q Q G Y Y P T 5 L Q
CAGTCGGGACAAGGGCAACCAGGGTACTACCAACTTCTCTGlUCAGCA _TAA4MGCTCAGTCTAAAC IT1C CGCAGC AGCCAGA 1440
Q S G Q G O P G Y Y P T S L Q O L C Q C q S 6 Y Y P T S P O q P C Q G Q Q P 6 Q
TT ACACGCAAAC....ag C UCAC_ACI SACC AGGCI;CAG 1560
L O Q P A 0 6 C 0 P G Q GO Q CG 0 P C Q a q Q G Q O P 6 Q G Q Q P C Q60 P G
TACTACCCAACTTCTCCGCAGCAGTCAG;ACAGGGCAACCAGMACTACTACCAACTTCI__ lAC GTA6 6T6A 1680
Y Y P T S P OQS G O C Q P e T Y P T S S O O P T, O S O Q P G Q G Q0 0 Q V G
CAGCACAAGCTCAGC AG> _ _ AACCCAACTTCTCCt6CAGCATUAA TACTACCTAACTTCT 1eoo
O G O O A Q Q P G Q C 4 Q P 6 0 C O P C Y Y P T S P Q O S G 4 G Q P G Y Y L T S
CCGCAGCAGTC"" - ACGCAGGACA IrTCAACA.. -6CAACA6CSACCA 1920
P O O S G Q G Q O P G 0 L Q Q S A O C Q K 6 9 O P C O C Q Q P G Q 6 Q Q G Q O P
GGACAA;GGGA;AGTCAACACAC CUAACTTCTCCGCACAATC. 2040
G Q G Q a G O O a 6 QP G Y Y P T S P q Q S G Q c. Q Q P c Q V Q o P G Q c Q
CCAGGATACTACCCAACTTCTCCGTS TATAAAGWAC:AGOACCCGACCACTCACCATTI_ CAGGCAATTGCAACAACCAGAA 2160
P G Y Y P T S P L Q P C Q G Q P C Y D P T S P 0 Q P G Q GC Q0 P C Q L Q Q P A Q
GGGCAACAAGGGCAGCAAC-ACAGTCACGCGAAGGGCACAGGT 2280
G Q 0 G Q Q L A 0 p A Q YQ 0 C Q R P A Q C Q Q G Q Q P G Q G Q Q G
CAGCAGCTAGGACAAGGGCAACAAGTCGAC A_ _AGA~ W_UU6ACAGGCAAAGTACAGCCAGU. 2400
Q 0 L6 G Q Q Q PGQ- Q C Q P A Q C Q Q 6 Q Q P G Q G Q Q G Q Q P G
CAAGGGCAACAAGGTCAGCK>C AC M lTCCOUTCAGCA_GACACAACAGCAACAA 2520Q G Q 0 G Q 0 P C Q G Q Q P G 4 C Q P V Y Y P T S P 0 E S G Q G Q Q P G Q W Q Q
CCAGGCAAACCA^GGGTCTACAACTCTCCTGCTACTAGGCAAGCAACAATMCTACTCACCC CMCTCTCTCTC 2640
P G Q G 0 P G Y Y L T S P L Q L C Q C 0 Q C Y Y P T S L Q Q P G Q 6 Q Q P 6 Q N
CAACAATCGGGACAAGGGCACATCTGGTACTACCCAACTTCTCCCUCACC GGGCAACAATCTATT_TACCU CT 2760
Q0 Q S 0 C Q H v Y Y P T S P Q L S C Q C Q R P C Q V L Q P C Q G Q Q G Y Y P T
TCTCCGCAACAGCCAGGACAAG 6CAACAACTA6GCAGC-.AACAG6CTTACTCTCACTC AGGCAM 2880
5 P Q Q P G Q C Q Q L C Q V L Q P C Q C Q Q C Y Y P T S L Q Q T G Q C Q Q S G Q
G Q Q G Y S S Y H V S Y Q A A S L V A K A Q Q L A A Q L P A N C R L E G
GGCGAkCGCATTGTCGGCCAGCCAGTGATAGCATCTCT6CA&TCGCATGGT6CTTA6CCATGUATGCACMAUCTATACAATAATGTACGTGTGTTCACAGTTTTCATGTAACTA 3120
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M A K R L V L F A A V V A L V A L T T A E G E A S R Q L Q C E R E L Q E S S L
GAGGCATGCCGGCAGGTTGTGGACCAACAGTTGGCCGGTCGGCTGCCATGGAGCACGGGGCTCCAGATGCGATGCTGCCAGCAGCTCCGAGATGTTAGCGCCAAGTGCCGCTCCGTCGCC 720
E A C R Q V V D Q Q L A G R L P W S T G L Q N R C C Q Q L R D V S A K C R S V A
GTCAGCCAAGTCGCAAGACAATATGAGCAMCTGTGGTGCCGCCCAGG6CGGATCCTTCTACCCTGGTGAGACCACGCCACTGCAGCAACTCCAACAAGGAATATTTTGGGG6AACATC T 840
V S 0 V A R Q Y E Q T V V P P K G G S F Y P G E T T P L Q Q L Q Q G I F W G T S
TCACAAACAGTACMAGGGTATTACCCAGGCGTAACTTCTCCTCGGCAGCG rCATATTATCCAGGCCAAGCTTCTCCACAACAGCCAGGACAAGGGCAACAGCCTGGCAAATGGCAAGAA 960
S Q T V Q G Y Y P G V T S P R Q G S Y Y P 6 Q A S P Q Q P G Q G Q Q P G K W Q E
CCAGGACAAGCGGCAACAATGGTACTACCCAATTCTTTGCAGMCAC GCC* AV._ AGATAGGAAAAG66AACAAGGTACTACCCAACTTCTCTGCAGCAGCCAGGACAAGGG 1080
P G Q G Q Q ll Y Y P T S L Q Q P G Q G Q Q I G K G Q Q G Y Y P T S L Q Q P G Q G
CAACAAGGGTACTACCCAACTTCTCTGCAGCACACAGGACAAAGGCAACAACCAGTACAAGGGCAACAACCAGAACAMG6CAACAACCAGGACAATGGCAACAAGGGTACTATCCAACT 1200
Q Q G Y Y P T S L Q H T G Q R Q Q P V Q G Q Q P E Q G Q Q P G Q V Q Q G Y Y P T
TCTCCACAACAGCTAGGACAAGGGCAACAACCAAGACAATGGCAACAATCAGGACAAGGGCAACAAGGGCACTACCCAACTTCTCTACAACAGCCAGGACAAGGGCAACAAGGGCATTAC 1 320
S P Q 0 L G Q G Q Q P R Q W Q Q 5 G Q 6 Q Q G H Y P T S L Q Q P G Q G Q Q G H Y
CTAGCTTCTCAGCAGCAGCCAGGACAAGGCAACAAGGGCACTACCCAGCTTCTCAGCA6CA6CCAGGACAAG66CACAAGGGCACTACCCAGCTTCTCAGCAGCAGCCAGGACMAGGG 1440
L A S Q Q Q P G Q G Q Q G H Y P A S Q Q Q P G Q G Q Q G H Y P A S Q Q Q P G Q G
CAACAAGGGCACTACCCAGCTTCTCAGCAAGAGCCAGGACAAGGGCAACAAGGGCAAATCCCAGCTTCTCAGCA6CAGCCAGGACAAGGGCAACAAGGGCACTACCCAGCTTCTCTGCAG 1 560
Q Q G H Y P A S Q Q E P G Q G Q Q G Q I P A S Q Q Q P G Q G Q Q G H Y P A S L Q
CAACCAGGACAAGG6CAACAGG6CATTACCCAA CTTCTCTACAGCAGCTAGG 6.~~.AGACCAGCAAA$C CAGACAACCAGACAAGCACAAACAGGACAA 1680
Q P G Q G Q Q G H Y P T S L Q Q L G Q G Q Q T G Q P G Q K Q Q P G Q G Q Q T G Q
GGGCAACAGCCAG AAGAGCAACAACCAGGACAAGGGCAlACAAGGATACTATCCAACTTCTCTGCAGCAGCCAG6ACMGGGCAACAGCAAGGACAAGGGCAACAAGGGTACTACCCA 1800
G Q Q P E Q E Q Q P G Q G Q Q G Y Y P T S L Q Q P G Q G Q Q Q G Q G Q Q G Y Y P
ACTTCTCTCCAGCAG.CCAGG^CAAGGGCAACAAGGGCACTACCCAGCTTCTCTGCAGCA6CCAGGACAAGGACAG;CCAGGACAAAGGCAACAACCAGGACAAGGGCAACATCCAGAACAA 1 920
T S L 0 0 P G Q G Q Q G H Y P A S L Q Q P G Q G Q P G Q R Q Q P G Q G Q H P E 0
GGGAAACAACCAGGACAAGGGCACAAGGGTACTATCCAACTTCTCCACAGCAGCCAGG ACAAGCACATAGGACAAGGGCAACAAGGGTACTACCCAACTTCTCCGCAGCAGCCA 2040
G K Q P G Q G Q Q G Y Y P T S P Q Q P G Q G Q Q L G Q G Q Q G Y Y P T S P Q Q P
GGACAAGGGCAACAACCAGUGGCACAAGGGCMMGCACTGCCCAACGTCCCCGCAGCAGTCAGGACAAGCGCAACACCA6GACAAGGCCAACAMATAGGACAMGTGCAACAACCAGGA 2160
G Q G Q Q P G Q G Q Q G H C P T S P Q Q S G Q A Q Q P G Q G Q Q I G Q V Q Q P G
CAAGGGCAACAAGGTACTACCCAACTTCTGTGCAGCAGCCTGGACAAGGGCAACAMTCGCAGCAACAGTCAGGACAGACACCAACCAGGACAAGGGCAGCAATCAGGACAA 2280
Q G Q Q G Y Y P T S V Q Q P G Q G Q Q S G Q G Q Q S G Q G H Q P G Q G Q Q S G Q
GAGCAACAAGGCTACG+W6CCATACCATGTTrAGCGCAGAGCAGCAAGCGGCCAGCCCAA6TGGTVAC GCAGCA6CCCGCGACACAGCTGCCG.ACAGTGTGTCG6.ATGGAGGGG 2400
E Q Q G Y DJ S P Y H V S A E Q Q A A S P N V A K A Q Q P A T Q L P T V C R FI E G
GGCGACGCATTGTCGGCTAGCCAGTGATAGAACTCTC TGCAGCTTGCATGGTGCTTGGGCATGCATGCACCTTAGCTATCCAATAAACGTG^ATGCGTGTTCACAGTTTTTCATGTAAC TA 2520
G D A L S A S Q I I
GAGTMAACCAATAATA^TGCAAMTGAAUCTT 2556
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